Abstract: Utilize the senior sequences from 2004 to 2016 of the 4 groundwater monitoring holes around Chaiwopu Lake in Xinjiang to observe the water level, precipitation and temperature, then use continuous wavelet and cross wavelet transform method to analyze the periodicity of water level, precipitation and temperature, and the correlation between each other. The results show that ① the main fluctuation period of groundwater level of Chaiwopu Lake, precipitation and temperature, and the resonance period between them both are 1 years. ② The groundwater level time-lag of phreatic water is less than that of confined water. ③ The time-lag between precipitation and groundwater level is greater than that between temperature and groundwater level. Through this mathematical statistics, we can almost master the time-lag relationship between the groundwater level with precipitation and temperature, in the later study, it is necessary to strengthen the analysis to the physical mechanism of the interaction between the three factors.
Introduction
Chaiwopu Lake is located in the Chaiwopu Basin of the Urumqi River Basin, is a typical inland lake in arid area [1] , which is obviously affected by climate, where small fluctuations in climate can cause significant fluctuations [2] . In 1990s, as one of the main water sources in Urumqi, Chaiwopu Lake was over exploited. The groundwater level continued to decline and the water quality deteriorated seriously. In 2000, the Three Mountains Water Diversion Project was launched in Urumqi, which once improved the environmental conditions of Chaiwopu Lake and the lake showed a beautiful scenery to people again [3] . In recent years, the precipitation in in Chaiwopu Basin drastically reduced, the water level obviously decreased from 2010 to May 2016, the lake surface was shrank from 27 square kilometers in 2008 to 14 square kilometers [4] , with half becoming saline and alkaline land, changes of it for many years can be seen from the visible remote sensing images in 2010 and 2014 (Fig. 1) .
Atmospheric precipitation and temperature are two important indexes of climate change in inland area, which directly affect shallow groundwater level and surface water. The effects of atmospheric circulation characteristics on temperature, precipitation and humidity are significant in arid and semi-arid regions of Northwest China. The inter-annual to inter-decadal periods of temperature and precipitation are controlled by large-scale circulation characteristics. [5] The positive position of the PDO index corresponds to the drought period in the eastern part of Northwest China, and the negative position corresponds to the wet period [6] . A correlation relationship exists between the extreme temperature of Chaiwopu Basin in Xinjiang and Arctic Oscillation (AO) [7] . Combining with the change of groundwater level, the relationship between groundwater level and climate index is analyzed, which is of great significance for rational exploitation of groundwater resources. The widely used time-lag analysis method of time series is the cross wavelet transform method developed by wavelet analysis [8] [9] [10] . This method is also widely used in the field of groundwater, such as precipitation-runoff analysis, [11] , groundwater level prediction, [12] , water level and precipitation, the correlation of meteorological models, [13] [14] [15] [16] [17] [18] [19] and other research fields. The precipitation in the basin, especially the precipitation in the upstream mountain, and the snow melt in mountain regions (affected by the temperature dynamic) jointly form the recharge on the groundwater level, therefore based on continuous wavelet transform, cross wavelet transform between the precipitation and groundwater level, temperature and groundwater level are carried out respectively in this paper, to analyze the time-lag characteristics of the resonance period and water level on precipitation and temperature.
Research Method
Wavelet analysis was adopted in this paper, including Continuous Wavelet Transform (CWT), Cross Wavelet Transform (XWT) and Wavelet Coherence (WTC). The idea behind the CWT is to apply the wavelet as a bandpass filter to the time series. The wavelet is stretched in time by varying its scale. XWT reveals areas with high common power while WTC reveals how coherent the XWT is in time frequency space as another useful measure. The methods and computer program are from Torrence and Compo [4] , and Grinsted et al. [5] .
General Situations of Study Region
Chaiwopu Lake is located in Chaiwopu basin, south of the Daxigou Mizoguchi, north to the Wulabo Reservoir Dam, east to the Salt Lake. The sedimentation in the basin with quaternary pebble, gravel, sand and gravel and silty loam of tens of meters to more than 800 meters thick, creates a good space condition for the groundwater storage, which is the distribution area that rich in phreatic water and confined water and artesian water in small area [20] . Located in the eastern side of Chaiwopu Basin and the westside of the Salt Lake, the lake area is 25 Km², the average water depth is 4.2 m, the maximum water depth is 6 m, the water storage capacity is 1.26 * 108 m³, and the degree of mineralization is 5-6 g/L. It is a saltwater lake. The lake is mainly recharged by the spring from the north and west of the lake, the overflow of the phreatic water and confined water in the lake district, consumed by evaporation from the lake surface, with an annual average amplitude range of 0.47 -0.7 m of water level (Fig. 2） . The long time dynamic monitoring data of 4 groundwater level monitoring holes around the lake is used in this paper (Tab. 1). For the lack of individual data, the interpolation method is adopted (Fig. 3) .The monitoring layer of each monitoring hole is a loose rock porous aquifer. The monitoring time is from January 2004 to May 2016, obtaining the groundwater level dynamic data of total 149 months. 
Results and Analysis

Continuous Wavelet Transform
The water level dynamic, precipitation (P) and monthly temperature values of each monitoring hole in the study area were analyzed by continuous wavelet transform (Fig. 6) , in order to analyze the main fluctuation period and significant time bucket.
Note: Yellow and blue in the figures indicate the peak and valley values of energy density, and color indicates the relative change of energy density. The closed area circled by the black thick line has passed the standard red noise test at 95% confidence level. The cone area below the black thin lines is the cone of influence (COI) region, affects a larger area affected by the wavelet transform data edge effect.
Fig.6 Continuous wavelet transforms of each elements
As it can be seen from Fig. 6 , generally, the monthly value series of groundwater level, precipitation and temperature have a main fluctuation period of about 1 year. The significant time buckets of each time series data are not consistent through the standard red noise test at 95% confidence level, in which the continuity of precipitation and temperature is strong, and the groundwater level is the second. Except COI, the significant periods of precipitation and temperature were continuously distributed; G1 water level is also continuous; the significant period of G2 hole is from May 2013 to July 2014; the significant period of G3 hole is from March 2011 to May 2016; and the significant period of G4 hole is from August 2013 to July 2015.
Cross Wavelet Transform of Precipitation and Groundwater Level
The cross wavelet transform of the groundwater level of each monitoring hole between the precipitations is carried out to analyze its resonance period, significant time bucket and phase relationship (Fig. 7) .
Note: The direction of the arrow diagram reflects the phase relationship between groundwater level and precipitation; the arrow from left to right indicates the same phase; the vertically downward direction says the wavelet transform of precipitation is in advance of 1/4 underground water cycles, and vertically upward direction says the wavelet transform of precipitation is in advance of 3/4 underground water level cycles. Other colors and symbolic meanings are the same as the continuous wavelet transform (Fig. 6) . From the full time cross wavelet transform, it can be seen that the precipitation time-lag period of phreatic water level is obviously shorter than that of confined water level. Therefore, the groundwater level change in the study area is greatly affected by precipitation. Therefore, the precipitation in the period precipitation and the groundwater level are cross transformed (Fig. 6) , and the water level time-lag is calculated (Tab. 3).
Cross Wavelet Transform of Temperature and Groundwater Level
The cross wavelet transform of temperature and groundwater level of each monitoring hole are carried out to analyze its resonance period, significant time bucket and phase relationship (Fig. 8) . (Fig. 6, Tab. 3) . The time-lag of groundwater level to temperature in each monitoring hole is less than that of water level to precipitation. 
Conclusions and Recommendations
Based on the data analysis, the main fluctuation periods of monthly value sequence data of underground water level, precipitation and temperature in the monitoring holes around Chaiwopu Lake all are 1 year, and the main resonance periods between them are also1 year, and the significant periods of the cycle are basically the same. During the whole period, the time-lag of phreatic water level in two holes to the precipitation is 249.40 days and 244.08 days, and the time-lag of confined water level in two holes to the precipitation is 254.79 days and 253.73 days. The influence in time-lag of precipitation on the phreatic water level in the study area is greater than that of confined water.
During the whole period, the time-lag of phreatic water level to the temperature is 233.40 days and 229.12 days, and the time-lag of confined water level to the temperature is 236.56 days and 233.59 days. The time-lag of water level in each monitoring holes to temperature is less than that of underground water level to precipitation. The shortening range of the time-lag of the phreatic water is less than that of defined water.
In this study, the statistical method is mainly used to analyze the time-lag relationship between groundwater level, precipitation and temperature. In later research, further analysis shall be made regarding the physical mechanism of interaction between the underground water level, precipitation and temperature, also shall include the impact of human activities on the underground water level, etc.
